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(57) ABSTRACT

An electric field measuring apparatus includes an electro-
static chuck with a through hole and holding a wafer, a lift
pin picking up the wafer, a driver vertically moving the lift
pin along the through hole, a probe in the lift pin and having
a refractive index changed by an electric field of the wafer,
the probe including an electro-optical crystal, an optical
waveguide forming at least one internal path of light having
a polarization characteristic changed by the changed refrac-
tive index between the probe and the wafer, and a control
module controlling the lift pin and the driver. The lift pin
moves to first and second positions. The control module
calculates a strength of the electric field of the wafer, using
electric field data measured using the probe at each of the
first and second positions.
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1
ELECTRIC FIELD MEASURING
APPARATUS AND METHOD OF
MEASURING ELECTRIC FIELD USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims priority under 35
US.C. § 119 to Korean Patent Application No. 10-2021-
0184295, filed on Dec. 21, 2021, in the Korean Intellectual
Property Office, the disclosure of which is incorporated by
reference herein in its entirety.

BACKGROUND

The inventive concept relates to an electric field measur-
ing apparatus and a method of measuring an electric field by
using the same, and more particularly, to an electric field
measuring apparatus for measuring the strength of an elec-
tric field of a wafer in a plasma chamber and a method of
measuring an electric field by using the same.

A measuring apparatus that measures the strength of an
electric field of a wafer may not include a conductive
material. A measuring apparatus including a conductive
material may act as noise that disrupts the uniform distri-
bution of plasma in a plasma chamber. Therefore, the
strength of an electric field of a wafer may not be accurately
measured.

SUMMARY

The inventive concept provides an electric field measur-
ing apparatus for measuring the strength of an electric field
of a wafer in a plasma chamber and a method of measuring
an electric field by using the same.

According to an aspect of the inventive concept, an
electric field measuring apparatus includes an electrostatic
chuck provided with a through hole and configured to hold
a wafer using an electrostatic force, a lift pin configured to
pick up the wafer and vertically move through the through
hole, a driver configured to vertically move the lift pin along
the through hole, a probe in the lift pin and having a
refractive index changed by an electric field of the wafer, the
probe including an electro-optical crystal, an optical wave-
guide configured to form at least one internal path of light
having a polarization characteristic changed by the changed
refractive index between the probe and the wafer, and a
control module configured to control the lift pin and the
driver. The lift pin is further configured to move to a first
position and a second position at a different vertical level
than the first position. Each of the first and second positions
is at a lower vertical level than the wafer. The control
module is further configured to calculate a strength of the
electric field of the wafer, using electric field data measured
using the probe at each of the first and second positions.

According to an aspect of the inventive concept, an
electric field measuring apparatus includes an electrostatic
chuck provided with a through hole and configured to hold
a wafer using an electrostatic force, a lift pin configured to
pick up the wafer and vertically move through the through
hole, a driver configured to vertically move the lift pin along
the through hole, a probe in the lift pin and having a
refractive index changed by an electric field of the wafer, the
probe including an electro-optical crystal and a reflector, a
light source configured to generate and output light toward
the probe, an optical waveguide configured to form at least
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one internal path of light having a polarization characteristic
changed by the changed refractive index between the probe
and the wafer, a detector configured to receive an optical
signal of reflected light reflected from the probe and measure
a strength of the optical signal, a signal processing module
configured to convert the optical signal into an electrical
signal, and a control module configured to control the lift pin
and the driver. The lift pin is configured to move to a first
position and a second position at a different vertical level
than the first position. Each of the first and second positions
is at a lower vertical level than the wafer. The control
module is further configured to calculate a strength of the
electric field of the wafer, using electric field data measured
using the probe at each of the first and second positions.

According to an aspect of the inventive concept, a method
of measuring an electric field includes locating a wafer on an
electrostatic chuck, changing a refractive index of an elec-
tro-optical crystal by locating a probe in a first position, the
probe including the electro-optical crystal and a reflector,
receiving a first optical signal at the first position by allow-
ing first light to be incident to and reflected from the probe
at the first position, moving the probe to a second position
that is at a different vertical level from the first position,
receiving a second optical signal at the second position by
allowing second light to be incident to and reflected from the
probe at the second position, and calculating a strength of an
electric field of the wafer. Each of the first and second
positions is at a lower vertical level than the wafer. The
probe is arranged in a lift pin in a through hole of the
electrostatic chuck. The probe includes only a non-conduc-
tive material. The strength of the electric field of the wafer
is calculated using the first and second optical signals.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the inventive concept will be more
clearly understood from the following detailed description
taken in conjunction with the accompanying drawings in
which:

FIG. 1 is a block diagram of an electric field measuring
apparatus according to an embodiment;

FIG. 2 is a cross-sectional view of the electric field
measuring apparatus of FIG. 1; FIGS. 3A and 3B are
respectively enlarged cross-sectional views of region III in
FIG. 2; FIG. 4 is a top view of the cross-section taken along
line A-A' in FIG. 2;

FIG. 5 is a diagram showing moving directions of light in
a probe and a first optical waveguide, according to an
embodiment;

FIG. 6 is a graph of electric field data measured using a
probe over time, according to an embodiment;

FIG. 7 is a graph of electric field data measured at a probe
according to the strength of an electrostatic field, according
to an embodiment;

FIG. 8 is a flowchart of a method of measuring an electric
field, according to an embodiment; and

FIG. 9 is a detailed flowchart of an operation of detecting
reflected light at a first position in the method of FIG. 8.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, embodiments will be described in detail with
reference to the accompanying drawings. In the drawings,
like reference characters denote like elements, and redun-
dant descriptions thereof will be omitted.
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FIG. 1 is a block diagram of an electric field measuring
apparatus 10 according to an embodiment.

FIG. 2 is a cross-sectional view of the electric field
measuring apparatus 10 of FIG. 1. FIGS. 3A and 3B are
respectively enlarged cross-sectional views of region III in
FIG. 2. FIG. 4 is a top view of the cross-section taken along
line A-A' in FIG. 2.

Referring to FIGS. 1 to 4, the electric field measuring
apparatus 10 may include an electrostatic chuck 110, a lift
pin 130, a driver 140, a probe 210, an internal optical
waveguide 220, and an optical measurement module 300.

The electric field measuring apparatus 10 may measure
the strength of an electric field of a wafer W. The electric
field measuring apparatus 10 may calculate the strength of
an electric field of the wafer W by measuring the strength of
light reflected from the probe 210 in a first position P1 and
the strength of light reflected from the probe 210 in a second
position P2, which is at a different vertical level than the first
position P1. In an embodiment, the first and second positions
P1 and P2 are below the wafer W. In an embodiment, the
second position P2 may be lower than the first position P1.

To measure the strength of an electrostatic field of the
wafer W, the following steps may be performed. The electric
field measuring apparatus 10 may locate the probe 210 in the
first position P1. After light is incident to the probe 210 in
the first position P1, a signal processing module 330 may
convert light reflected by a reflector 214 of the probe 210
into an electrical signal. Thereafter, the electric field mea-
suring apparatus 10 may locate the probe 210 in the second
position P2. After light is incident to the probe 210 in the
second position P2, the signal processing module 330 may
convert light reflected by the reflector 214 of the probe 210
into an electrical signal. Based on a difference in an elec-
trical signal between the first position P1 and the second
position P2, the strength of an electrostatic field on the wafer
W may be calculated. The electrostatic field (or an electric
field) may be generated by charges by the electrostatic chuck
or charge accumulated in plasma processes.

After various plasma processes are performed on the
wafer W, dechucking of the wafer W from the electrostatic
chuck 110 may be performed. An apparatus for checking the
strength and distribution of charge or electric field before the
dechucking of the wafer W may be desirable. The electric
field measuring apparatus 10 may measure the strength of an
electric field of the wafer W. Measurement of the electric
field of the wafer W may allow the wafer W to be separated
from the electrostatic chuck 110 without damage. For
example, if the strength of the electric field of the W is
greater than a threshold value, dechucking of the wafer W
may damage the wafer W because the wafer W is still held
by an electrostatic force of the electrostatic chuck 110. When
the strength of the electric field of the wafer W is below the
threshold value, dechucking of the wafer W is performed to
prevent damage on the wafer.

The plasma processes may include various semiconductor
processes, such as a process of forming a film on a semi-
conductor substrate, a process of etching a film on a semi-
conductor substrate, and a process of ashing a photoresist
film on a semiconductor substrate, which are performed on
a substrate by using plasma in a plasma chamber.

The electrostatic chuck 110 may be located in a lower
space inside a plasma chamber C. The electrostatic chuck
110 may fix and support the wafer W. The wafer W may be
reliably located on the electrostatic chuck 110 by using an
electrostatic fixation method or the like. The electrostatic
chuck 110 may include a through hole 120 formed in a
vertical direction, i.e., a Z direction. Although it is illustrated
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in FIG. 3 that the electrostatic chuck 110 includes three
through holes 120, this is just an example. The electrostatic
chuck 110 may include four or more through holes 120.

A plurality of through holes 120 may be arranged along
the circumference of the electrostatic chuck 110. In an
embodiment, the plurality of through holes 120 may be
spaced apart from each other at a certain distance along the
circumference of the electrostatic chuck 110. According to
an embodiment, the through holes 120 may be in a central
portion of the electrostatic chuck 110.

The lift pin 130 may be in each of the through holes 120
of the electrostatic chuck 110. The lift pin 130 may be
configured to move in the vertical direction (the Z direction)
in each through hole 120 of the electrostatic chuck 110. The
lift pin 130 may descend in a state where the lift pin 130
supports the wafer W so as to locate the wafer W on the top
surface of the electrostatic chuck 110. After the wafer W
undergoes the plasma processes, the lift pin 130 may
dechuck the wafer W from the electrostatic chuck 110. In
other words, the lift pin 130 may separate the wafer W from
the top surface of the electrostatic chuck 110 in the vertical
direction (the Z direction) in a state where the lift pin 130
supports the wafer W that has undergone the plasma pro-
cesses. The lift pin 130 may be in contact with the wafer W
while supporting the wafer W. The lift pin 130 may include
only or may be formed of non-conductive material. For
example, the lift pin 130 may include or may be formed of
a ceramic material. The number of lift pins 130 of the
electric field measuring apparatus 10 may be the same as the
number of through holes 120 of the electrostatic chuck 110.
Although it is illustrated in FIG. 2 that the electrostatic
chuck 110 includes three lift pins 130, it is just an example.
The electrostatic chuck 110 may include four or more lift
pins 130.

Each of the lift pins 130 of the electric field measuring
apparatus 10 may measure the strength of an electric field of
the wafer W without contacting the wafer W. For example,
the vertical distance between each lift pin 130 and the wafer
W may be about 0.1 mm or greater. The lift pin 130 may
move to the first and second positions P1 and P2, which are
at lower vertical levels than the top surface of the electro-
static chuck 110, and measure the strength of an electric field
of the wafer W. The electric field measuring apparatus 10
measures an electric field of the wafer W basically using a
non-contact method but does not preclude a contact method.
Terms such as “about” or “approximately” may reflect
amounts, sizes, orientations, or layouts that vary only in a
small relative manner, and/or in a way that does not signifi-
cantly alter the operation, functionality, or structure of
certain elements. For example, a range from “about 0.1 to
about 1”” may encompass a range such as a 0%-5% deviation
around 0.1 and a 0% to 5% deviation around 1, especially if
such deviation maintains the same effect as the listed range.

For example, the lift pin 130 may move from a spot that
is about 20 mm higher than the top surface of the electro-
static chuck 110 to a spot that is about 10 mm lower than the
top surface of the electrostatic chuck 110. In other words, the
vertical movable range of the lift pin 130 may be about 30
mm or less.

The lift pin 130 may be connected to an internal optical
connector 240. The lift pin 130 may be removed from the
electric field measuring apparatus 10. For example, the lift
pin 130 may be removed from the internal optical connector
240. When the lift pin 130 is removed from the electric field
measuring apparatus 10, the lift pin 130 may be replaced
with another lift pin. Accordingly, the lift pin 130 may be
easily maintained and/or repaired.
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The driver 140 may provide motive power for moving the
lift pin 130 in the vertical direction (the Z direction). When
the lift pin 130 moves in the vertical direction (the Z
direction), the probe 210 in the lift pin 130 may also move
in the vertical direction (the Z direction). For example, the
driver 140 may include a linear motor. For example, the
driver 140 may be inside or outside the plasma chamber C.

The probe 210 may include an electro-optical crystal 212
and the reflector 214. The probe 210 may measure the
strength of an electric field on the wafer W. The probe 210
may be inside the plasma chamber C. For example, the probe
210 may be embedded in the lift pin 130 including an
insulating material. At a certain spot in the through hole 120,
the probe 210 may measure a signal of the strength of an
electric field. The probe 210 may be arranged in at least one
lift pin 130. When a plurality of probes 210 are respectively
arranged in lift pins 130, the electric field measuring appa-
ratus 10 may relatively precisely measure the distribution
and strength of an electric field on the wafer W.

The probe 210 may include only or may be formed of a
non-conductive material. When a sensor including a con-
ductive material is near a space in which plasma is formed
in the plasma chamber C, the sensor including the conduc-
tive material may cause electrical arcing or distort plasma
and thus act as noise that disrupts the uniform distribution of
plasma in the plasma chamber C. However, the probe 210
including a non-conductive material, according to an
embodiment, does not cause electrical arcing or distort
plasma and thus, may not act as noise that disrupts the
uniform distribution of plasma in the plasma chamber C. To
prevent the electro-optical crystal 212 and the reflector 214
from acting as noise against plasma, the electro-optical
crystal 212 and the reflector 214 may include only or may be
formed of a non-conductive material.

The electro-optical crystal 212 may have a refractive
index, which changes according to an external electric field.
For example, the electro-optical crystal 212 may have a
refractive index, which changes according to an electric field
formed on the wafer W. For example, the electro-optical
crystal 212 may include or may be formed of a non-
conductive material, such as LiTaO;, LiNbO;, and ZnTe,
which has a non-linear optical characteristic. However, the
electro-optical crystal 212 is not limited to the materials
mentioned above and may include other various non-con-
ductive materials.

The refractive index of the inside of the electro-optical
crystal 212 may linearly change according to the strength of
an electric field applied to the electro-optical crystal 212.
Such an electro-optical effect is called a Pockels effect.
Because the change in the refractive index of the probe 210
is caused by an electric field formed on the wafer W, the
strength of the electric field on the wafer W may be
calculated using the change in the refractive index of the
probe 210. The change in the refractive index may cause a
change in the phase of light. Accordingly, the existence or
non-existence or the strength of an electric field at a certain
position may be detected by, for example, allowing light to
be vertically incident to the electro-optical crystal 212 and
calculating a phase change of reflected light.

The probe 210 may be at a lower vertical level than the
wafer W and measure the strength of an alternating electric
field of the wafer W. However, the inside of the electro-
optical crystal 212 of the probe 210 saturates over time, and
therefore, the probe 210 may measure the strength of an
electrostatic field of the wafer W by performing a plurality
of measurements while moving in the vertical direction (the
Z direction).
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The reflector 214 may reflect light incident to the electro-
optical crystal 212. Because light is incident into the electro-
optical crystal 212 through a first surface F1 of the electro-
optical crystal 212, the reflector 214 may be arranged at a
second surface F2 of the electro-optical crystal 212, which
is opposite the first surface F1. Accordingly, the light inci-
dent through the first surface F1 of the electro-optical crystal
212 may be reflected by the reflector 214 at the second
surface F2 of the electro-optical crystal 212 toward the first
surface F1 of the electro-optical crystal 212. Because the
reflector 214 is inside the plasma chamber C, the reflector
214 may include a non-conductive material. For example,
the reflector 214 may include or may be formed of a
dielectric mirror film or a cholesteric liquid crystal (CLC)
polymer.

The internal optical waveguide 220 may include a first
optical waveguide 222 and a second optical waveguide 224.
The internal optical waveguide 220 may connect the electro-
optical crystal 212 to an external optical waveguide 320. The
internal optical waveguide 220 may form an internal path of
light inside the plasma chamber C. Accordingly, light out-
side the plasma chamber C may incident into the electro-
optical crystal 212 through the internal optical waveguide
220. Light reflected from the reflector 214 may be transmit-
ted to the outside of the plasma chamber C through the
internal optical waveguide 220. Because the internal optical
waveguide 220 is inside the plasma chamber C, the internal
optical waveguide 220 may include or may be formed of a
non-conductive material. In an embodiment, the internal
optical waveguide 220 may include or may be an optical
fiber. For example, the internal optical waveguide 220 may
include only or may be formed of a non-conductive optical
fiber. However, the internal optical waveguide 220 may
include other optical elements, which may form the path of
light, besides an optical fiber.

The first optical waveguide 222 may be inside the lift pin
130, and the second optical waveguide 224 may be outside
the lift pin 130. Because the first optical waveguide 222 is
inside the lift pin 130, the first optical waveguide 222 may
not move or may be fixed in the inside of the lift pin 130.
Accordingly, the first optical waveguide 222 may corre-
spond to a single-mode optical fiber. In an embodiment, the
first optical waveguide 222 may correspond to a polariza-
tion-maintaining optical fiber. The second optical waveguide
224 may move. For example, the second optical waveguide
224 may correspond to a polarization-maintaining optical
fiber. Because the electric field measuring apparatus 10
measures the electric field of the wafer W by using polar-
ization information of light reflected from the probe 210, the
first or second optical waveguide 222 or 224 may corre-
spond to a polarization-maintaining optical fiber.

Because the internal optical waveguide 220 is exposed to
a high temperature in the plasma chamber C, a cooler 230
may cool down the internal optical waveguide 220. The
cooler 230 may provide a coolant to the internal optical
waveguide 220. For example, the cooler 230 may surround
the internal optical waveguide 220. The coolant may be
provided through a cooling path formed in the cooler 230
and cool down the internal optical waveguide 220 However,
a cooling method of the cooler 230 may not be limited to a
certain method. For example, the cooler 230 may be outside
the plasma chamber C. In this case, the cooler 230 may
provide a coolant to the internal optical waveguide 220
through a cooling path formed in the plasma chamber C.

When the internal optical waveguide 220 is exposed to
plasma, the internal optical waveguide 220 may expand, and
accordingly, the polarization characteristic of light inside the



US 12,105,132 B2

7

internal optical waveguide 220 may change. Therefore, the
cooler 230 may be configured to prevent the internal optical
waveguide 220 from expanding. According to an embodi-
ment, the cooler 230 may also cool down the external optical
waveguide 320.

The internal optical connector 240 may be at an end of the
lift pin 130 and fix the lift pin 130. The internal optical
waveguide 220 may be connected to the internal optical
connector 240. The internal optical connector 240 may be
selectively connected to the first optical waveguide 222 and
the second optical waveguide 224. For example, the internal
optical connector 240 may include a ferrule terminal. The
internal optical connector 240 may connect the first optical
waveguide 222 to the second optical waveguide 224.

The optical measurement module 300 may be outside the
plasma chamber C. The optical measurement module 300
may allow light to be incident to the probe 210. As described
above, when an electric field formed on the wafer W in the
plasma chamber Cis applied to the probe 210, the refractive
index of the electro-optical crystal 212 of the probe 210 may
change. Accordingly, an optical characteristic of light inci-
dent into the probe 210 may also change. The optical
characteristic may include a polarization state of light. The
optical measurement module 300 may detect light reflected
from the probe 210. In an embodiment, the optical measure-
ment module 300 may be inside the plasma chamber C.

The optical measurement module 300 may include an
optical proving module 310, the external optical waveguide
320, the signal processing module 330, an external optical
connector 340, a control module 350 (i.e., a controller), and
a power source 360.

The optical proving module 310 may allow light to be
incident into the electro-optical crystal 212 of the probe 210.
The optical proving module 310 may detect light reflected
from the reflector 214. The optical proving module 310 may
include a light source 312, a detector 314, a polarization
controller 316, and a circulator 318.

The light source 312 may generate light. In an embodi-
ment, the light source 312 may include or may be a laser
and/or a light emitting diode (LED) but may not be limited
to a particular light source. The light may be in a visible
spectrum or a near-infrared spectrum. For example, the
wavelength range of the light may be between about 0.3 pm
and about 3 um. The light generated by the light source 312
may be incident to the probe 210 through the external optical
waveguide 320 and the internal optical waveguide 220.

The detector 314 may detect light reflected from the probe
210. As described above, because the refractive index of the
inside of the electro-optical crystal 212 is changed by the
electric field formed on the wafer W inside the plasma
chamber C, the light reflected from the electro-optical crys-
tal 212 may have an optical characteristic, which is changed
by the changed refractive index of the inside of the electro-
optical crystal 212. For example, the optical characteristic
may include a polarization state of light. Accordingly, the
light detected by the detector 314 may have information
about the electric field formed on the wafer W.

The electric field detection by the electric field may refer
to not direct detection of the strength of an electric field but
detection of a signal or data informing the strength of the
electric field. For example, the detector 314 may detect an
electrical signal such as current, or an optical signal such as
light, and the electrical signal or the optical signal may
include information about the strength of an electric field.
Hereinafter, a signal or data detected by the detector 314 is
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referred to as an “electric field”, and the term “electric field
data” is used to be distinguished from the strength of an
electric field.

The polarization controller 316 may control the polariza-
tion characteristic of incident light, i.e., light incident to the
probe 210, and the polarization characteristic of reflected
light, i.e., light reflected from the probe 210. The polariza-
tion controller 316 may be between the light source 312 and
the probe 210. Although the polarization controller 316 is
between the circulator 318 and the probe 210 in an embodi-
ment, the location of the polarization controller 316 may not
be limited to a particular one.

The circulator 318 may be between the light source 312
and the polarization controller 316. The circulator 318 may
separate light incident to the probe 210 from light reflected
from the probe 210 in the external optical waveguide 320.
The circulator 318 may transmit the separated light to the
detector 314. For example, the circulator 318 may separate
the reflected light by the probe 210 from the incident light
to the probe 210, and transmit the separated reflected light
to the detector 314.

The external optical waveguide 320 may connect the
optical probing module 310 to the probe 210. The external
optical waveguide 320 may form an external path of light
outside the plasma chamber C. For example, the external
optical waveguide 320 may connect the polarization con-
troller 316 of the optical probing module 310 to the probe
210. The external optical waveguide 320 may be connected
to an internal optical waveguide 220 in the plasma chamber
C. In an embodiment, the external optical waveguide 320
may include or may be an optical fiber. The length of the
external optical waveguide 320 may be variously changed.
Accordingly, the external optical waveguide 320 may cor-
respond to a polarization-maintaining optical fiber. How-
ever, the external optical waveguide 320 may include or may
be other optical elements, which may form the path of light,
besides an optical fiber.

The signal processing module 330 may receive informa-
tion about light detected by the detector 314. For example,
the information about light may include the strength or
polarization state of the light. The signal processing module
330 may detect an electrical signal such as current, or an
optical signal such as light. Electric field data, i.e., infor-
mation about the strength of an electric field of the wafer W,
may be included in the detected electrical signal or optical
signal. The signal processing module 330 may convert an
optical signal detected by the detector 314 into an electrical
signal. For example, the signal processing module 330 may
include an electro-optical sensor 336.

The signal processing module 330 may further include a
filter 332 and an amplifier 334. The filter 332 may remove
noise from detected light. The amplifier 334 may amplify the
light from which noise has been removed. For example, the
detected light may be converted to electrical signals by the
signal processing module 330. The noise of the detected
light may be included in the converted electrical signals. The
filter 332 may remove noise from the electrical signal, and
then, the amplifier 334 may amplify the noise-removed
electrical signal. The amplified electrical signal may be
transmitted to the control module 350.

The external optical connector 340 may be mounted on an
outer wall of the plasma chamber C. The external optical
waveguide 320 may be connected to the external optical
connector 340. The external optical connector 340 may be
selectively connected to the internal optical connector 240.
Accordingly, the optical measurement module 300 may be
selectively connected to the probe 210 according to the
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connection between the internal optical connector 240 and
the external optical connector 340. In an embodiment, the
internal optical connector 240 and the external optical
connector 340 may not be separate from each other but be
integrated into a form of a single optical connector.

In an embodiment, light incident to the probe 210 and
light reflected from the probe 210 may be transmitted
through one internal optical waveguide 220 and one external
optical waveguide 320. In an embodiment, the electric field
measuring apparatus 10 may include a plurality of internal
or external optical waveguides 220 or 320.

The control module 350 may receive an electrical signal
from the signal processing module 330. The control module
350 may receive the polarization characteristic of light
controlled by the polarization controller 316. The polariza-
tion characteristic of light controlled by the polarization
controller 316 may be converted into an electrical signal and
then transmitted to the control module 350. The control
module 350 may measure a change in the optical charac-
teristic of light. The optical characteristic of light is detected
from the electrical signal received by the signal processing
module 330. The optical characteristic change may represent
the strength of light. As described above, the strength of an
electric field on the wafer W may be calculated from the
optical characteristic change measured by the control mod-
ule 350. The control module 350 may store data such as a
detected electrical signal of light.

The control module 350 may also control the vertical
position of the probe 210. For example, the signal process-
ing module 330 may control the driver 140 to vertically
move the lift pin 130, in which the probe 210 is arranged, in
the vertical direction (the Z direction). In an embodiment,
the probe 210 may be at different positions and measure the
strength of an electric field.

The control module 350 may be implemented by hard-
ware, firmware, software, or a combination thereof. For
example, the control module 350 may include a computing
device such as a workstation computer, a desktop computer,
a laptop computer, and a tablet computer. For example, the
control module 350 may include a memory device such as
read-only memory (ROM) and random access memory
(RAM), and a processor such as a microprocessor, a central
processing unit (CPU), and a graphics processing unit
(GPU), which is configured to perform a certain operation
and algorithm. The control module 350 may include a
receiver and a transmitter to receive and transmit electrical
signals.

In an embodiment, the operations of the lift pin 130 and
the probe 210 in the plasma chamber C and/or the operations
of the optical measurement module 300 may be performed
in real time during a time when a plasma process is per-
formed. For example, according to an embodiment, the
electric field measuring apparatus 10 may measure the
electric field of the wafer W in real time while a plasma
process is being performed.

The power source 360 may provide power to the optical
probing module 310, the signal processing module 330,
and/or the control module 350.

In an electric field measuring apparatus according to the
related art, at least one element includes a conductive
material, which causes arcing or distorts plasma inside the
plasma chamber C, and may thus act as noise disrupting or
disturbing the uniform distribution of plasma.

The electric field measuring apparatus according to the
related art may measure the strength of alternating electric
field but may not measure the strength of an electrostatic
field. Therefore, when the wafer W is dechucked from the
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electrostatic chuck 110, a lot of charges remain in the wafer
W, and accordingly, the wafer W is apt to be broken.

However, according to an embodiment, because all ele-
ments of the electric field measuring apparatus 10 include
only or may be formed of a non-conductive material, the
reliability of the electric field measuring apparatus 10 may
be relatively high.

The electric field measuring apparatus 10 may compare
electric field data, which are measured at the first position P1
below the wafer W using the probe 210, with electric field
data, which is measured at the second position P2 at a
different vertical level below the wafer W than the first
position P1 using the probe 210, and measure the strength of
an alternating electric field and/or electrostatic field of the
wafer W.

FIG. 5 is a diagram showing moving directions of light in
a probe 210a and the first optical waveguide 222, according
to an embodiment.

Referring to FIG. 5, the probe 210a may include the
electro-optical crystal 212, the reflector 214, and an auxil-
iary reflector 216. The first optical waveguide 222 may
include a jacket 222-1 and a core 222-2. The core 222-2 may
provide a path through which light travels, and the jacket
222-1 may surround and protect the core 222-2.

Light, which is incident to the probe 210a through the first
optical waveguide 222, may be incident into the electro-
optical crystal 212. The light incident into the electro-optical
crystal 212 may be reflected by the reflector 214 such that
reflected light may be formed. While the light is traveling in
the electro-optical crystal 212, the optical characteristic of
the light may change. For example, the optical characteristic
may include a polarization state. The optical characteristic
may change according to the strength of an electric field in
the electro-optical crystal 212. The strength of an electric
field in the electro-optical crystal 212 may be calculated by
measuring the optical characteristic.

The probe 210a may include the auxiliary reflector 216 at
the first surface F1 of the electro-optical crystal 212. The
auxiliary reflector 216 may perform substantially the same
function as the reflector 214. Accordingly, light incident to
the probe 210a may be divided into first reflected light R[.1
reflected from the auxiliary reflector 216 and second
reflected light RL2 reflected from the reflector 214.

Although the inventive concept fundamentally relates to
measuring the strength of an electric field of the wafer W by
using the polarization state of the second reflected light R1.2,
the inventive concept does not preclude measuring the
strength of an electric field of the wafer W by using the
strength (i.e., an intensity) of reflected light resulting from
the interference between the first reflected light R[.1 and the
second reflected light RL.2. For example, when the electro-
optical crystal 212 is relative thick in a direction that is
parallel with the moving direction of the first reflected light
RL1 and the second reflected light RL.2, the strength of an
electric field of the wafer W may be measured using the
polarization state of the second reflected light R[.2. When
the electro-optical crystal 212 is relative thin in the direction
that is parallel with the moving direction of the first reflected
light RLL1 and the second reflected light RL.2, the strength of
an electric field of the wafer W may be measured using the
strength (i.e., an intensity) of reflected light resulting from
the interference between the first reflected light R[.1 and the
second reflected light RL.2.

FIG. 6 is a graph of electric field data measured using the
probe 210 over time, according to an embodiment.

Referring to FIGS. 3A and 6, the horizontal axis of the
graph may represent a time for a process, and the vertical
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axis of the graph may represent electric field data measured
using the probe 210. The process may be a process of
measuring the strength of an electric field of the wafer W.
During the process, the probe 210 may repeatedly move in
the vertical direction (the Z direction). For example, the lift
pin 130, in which the probe 210 is arranged, may repeatedly
move in the vertical direction (the Z direction).

To measure the electric field data of the wafer W by using
the probe 210, firstly, the control module 350 may locate the
probe 210 in the first position P1, which is at a lower vertical
level than the wafer W. Thereafter, light may be emitted to
the probe 210 and then reflected from the probe 210, and the
reflected light may be detected by the detector 314. The
control module 350 may measure a first refractive index of
the electro-optical crystal 212 and/or first electric field data,
using the strength of light, which is detected by the detector
314 after being generated by the light source 312. Thereat-
ter, the control module 350 may locate the probe 210 in the
second position P2, which is at a different vertical level than
the first position P1. Thereafter, the control module 350 may
allow light to be incident to the probe 210 and measure a
second refractive index of the electro-optical crystal 212
and/or second electric field data at the second position P2.
The control module 350 may measure the strength of an
electrostatic field of the wafer W by using a vertical level
difference between the first and second positions P1 and P2
and a size difference between the electric field data at the
first position P1 and the electric field data at the second
position P2.

FIG. 7 is a graph of electric field data measured using the
probe 210 according to the strength of an electrostatic field
and the distance between an object to be measured and the
probe 210, according to an embodiment.

Referring to FIG. 7, the horizontal axis of the graph may
represent the strength of an electrostatic field of an object to
be measured, and the vertical axis of the graph may repre-
sent electrostatic field data measured using the probe 210.
When the strength of an electrostatic field of an object to be
measured increases, the electrostatic field data measured
using the probe 210 may also increase.

With respect to the strength of an electrostatic field, when
the distance between an object to be measured and the probe
210 increases, the value of electrostatic field data may
decrease. In FIGS. 7, D1, D2, and D3 each may denote the
distance between an object to be measured and the probe
210. D1 is less than each of D2 and D3, and D2 is less than
D3. Accordingly, the strength of an electrostatic field of an
object may be measured using the electrostatic field data
measured using the probe 210 and the distance between the
object and the probe 210.

However, when the position of the probe 210 is fixed, the
inside of the electro-optical crystal 212 of the probe 210 may
saturate, and therefore, it may be difficult to measure the
strength of an electrostatic field of an object to be measured.
For example, if the probe 210 measures the strength of an
electrostatic filed of an object at a fixed position, the
electro-optical crystal 212 of the probe 210 may saturate and
the measured value may be cut off to a certain value.
Accordingly, the control module 350 may repeatedly move
the probe 210 in the vertical direction (the Z direction) when
measuring the strength of an electrostatic field of an object
to be measured. For example, the object to be measured may
be the wafer W.

FIG. 8 is a flowchart of a method of measuring an electric
field, according to an embodiment.

Referring to FIGS. 1, 3A, 3B, and 8, the probe 210 may
be arranged inside the electrostatic chuck 110 in the plasma
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chamber C in operation P100. The probe 210 may be
arranged in the lift pin 130 in the through hole 120 of the
electrostatic chuck 110.

The wafer W may be located on the electrostatic chuck
110 in operation P110. The wafer W may be carried into the
plasma chamber C for semiconductor processes. At least
three lift pins 130 in respective through holes 120 of the
electrostatic chuck 110 move down in the vertical direction
(the Z direction) such that the wafer W may be located on
the electrostatic chuck 110 or may contact the electrostatic
chuck 110. After semiconductor processes are performed on
the wafer W, the lift pins 130 may move upwards in the
vertical direction (the Z direction) such that the wafer W
may be dechucked from the electrostatic chuck 110 or may
be separated from the electrostatic chuck 110. For example,
the lift pins 130 may separate the wafer W from the top
surface of the electrostatic chuck 110 in the vertical direction
(the Z direction). Using the present inventive concept, it is
determined when the wafer W, after processes are completed
in a chamber, is to be dechucked without damaging the
wafer W.

The wafer W may be processed using a plasma process.
For example, when the plasma process includes vapor
deposition, a film may be formed on the top surface of the
wafer W by plasma. When the plasma process includes
etching, a film on the wafer W may be etched by plasma.
When the plasma process includes ashing, a photoresist film
on the wafer W may be ashed.

The light source 312 may generate light in operation
P120. The light may be incident to the polarization control-
ler 316 through the circulator 318. The polarization control-
ler 316 may control the polarization characteristic of the
light.

The light may be incident to the probe 210 through an
optical waveguide in operation P130. The optical waveguide
may include the internal optical waveguide 220 inside the
plasma chamber C and the external optical waveguide 320
outside the plasma chamber C. The light may be incident to
the probe 210 through the circulator 318 and the polarization
controller 316.

The probe 210 may be located at the first position P1,
which is at a lower vertical level than the wafer W, in
operation P140. The electro-optical crystal 212 of the probe
210 may sense an electric field on the wafer W. The
refractive index of the inside of the electro-optical crystal
212 may change according to the electric field on the wafer
W.

The reflector 214 of the probe 210 may reflect the light
incident to the probe 210, thereby forming reflected light.
The reflected light may be transmitted to the polarization
controller 316 through the internal optical waveguide 220
and the external optical waveguide 320. The polarization
controller 316 may control the polarization characteristic of
the reflected light.

When the incident light and the reflected light travel
through the internal and external optical waveguides 220
and 320, the cooler 230 may continuously cool down the
internal optical waveguide 220 and/or the external optical
waveguide 320.

Thereafter, the detector 314 may detect the reflected light
in operation P150. The detected reflected light may be
transmitted to the signal processing module 330. The signal
processing module 330 may convert an optical signal of the
reflected light into an electrical signal. The electrical signal
that is converted from the optical signal detected at the first
position P1, may be referred to as a first electrical signal.
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The probe 210 may be located at the second position P2,
which is at a different vertical level than in the first position
P1, in operation P160. The second position P2 may be at a
lower vertical level than the top surface of the electrostatic
chuck 110. To move the probe 210, the lift pin 130, in which
the probe 210 is arranged, may move in the vertical direction
(the Z direction). To enable the lift pin 130 to move in the
vertical direction (the Z direction), the driver 140 may
transmit motive power to the lift pin 130.

The strength of an electric field measured by the probe
210 at the second position P2 may be different from the
strength of an electric field measured by the probe 210 at the
first position P1. Accordingly, the refractive index of the
inside of the electro-optical crystal 212 of the probe 210 at
the second position P2 may be changed.

The reflector 214 of the probe 210 may reflect the light
incident to the probe 210 at the second position P2, thereby
forming reflected light. Thereafter, the detector 314 may
detect the reflected light in operation P170. The reflected
light may be transmitted to the detector 310 through the
same path as the reflected light formed in operation P150.
The reflected light detected by the detector 314 may be
transmitted to the signal processing module 330. The signal
processing module 330 may convert an optical signal of the
reflected light into an electrical signal. The electrical signal
that is converted from the optical signal detected at the
second position P2, may be referred to as a second electrical
signal.

The filter 332 of the signal processing module 330 may
remove noise from the electrical signal. Thereafter, the
amplifier 334 of the signal processing module 330 may
amplify the noise-removed electrical signal. The amplified
electrical signal may be transmitted to the control module
350.

The strength of an electric field of the wafer W may be
calculated in operation P180. The control module 350 may
receive the electrical signal from the signal processing
module 330. The control module 350 may also receive the
polarization characteristic of light controlled by the polar-
ization controller 316. The control module 350 may measure
a change in an optical characteristic detected from the
electrical signal. As described above, the strength of an
electric field of the wafer W in the plasma chamber C, in
which the electro-optical crystal 212 is arranged, may be
calculated using the optical characteristic change measured
by the control module 350.

The control module 350 may store data such as the
electrical signal of detected light. The control module 350
may also perform a control function of waiting until the
strength of an electric field of the wafer W decreases below
a threshold value, using data provided from the electro-
optical crystal 212 arranged in the lift pin 130. Using the
present inventive concept, it is determined when the wafer
W, after processes are completed in a chamber, is to be
dechucked without damaging the wafer W.

The operations of the probe 210 and the optical measure-
ment module 300 may be performed in real time during a
time when semiconductor processes are being performed.
For example, according to an embodiment, the electric field
measuring apparatus 10 may perform a monitoring process
in real time during a time when the semiconductor processes
are being performed.

The strength of an electric field of the wafer W, which is
measured in operation P180, may be compared with a preset
threshold value in operation P190. For example, the thresh-
old value may be less than or equal to about 200 V. When
the strength of an electric field of the wafer W is greater than
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the threshold value, the wafer W may be kept on the
electrostatic chuck 110 to decrease the strength of the
electric field of the wafer W. Thereafter, the method may
return to operation P140 to newly measure the strength of an
electric field of the wafer W.

FIG. 9 is a detailed flowchart of operation P150 of
detecting the reflected light at the first position P1 in the
method of FIG. 8.

Referring to FIGS. 1, 8, and 9, the refractive index of the
inside of the electro-optical crystal 212 may be changed by
the electric field of the wafer W in operation P151. There-
after, the light source 312 may emit light to the electro-
optical crystal 212. The optical characteristic of the light
incident to the electro-optical crystal 212 may be changed by
the changed refractive index of the electro-optical crystal
212 in operation P152. For example, the optical character-
istic may include a polarization state of the light. The
reflected light may be incident to the polarization controller
316 in operation P153. The polarization characteristic of the
reflected light may be controlled in operation P154 such that
the strength of the reflected light decreases while passing
through the polarization controller 316. The detector 314
may detect the reflected light in operation P155. Thereafter,
the signal processing module 330 may convert the optical
signal of the reflected light into an electrical signal in
operation P156.

Operation P170 of detecting the reflected light at the
second position P2 may be similar to operation P150.

While the inventive concept has been particularly shown
and described with reference to embodiments thereof, it will
be understood that various changes in form and details may
be made therein without departing from the spirit and scope
of the following claims.

What is claimed is:

1. An electric field measuring apparatus comprising:

an electrostatic chuck provided with a through hole and
configured to hold a wafer using an electrostatic force;

a lift pin configured to pick up the wafer and vertically
move through the through hole;

a driver configured to vertically move the lift pin along the
through hole;

a probe in the lift pin and having a refractive index
changed by an electric field of the wafer, the probe
including an electro-optical crystal;

an optical waveguide configured to form at least one
internal path of light having a polarization character-
istic changed by the changed refractive index between
the probe and the wafer; and

a control module configured to control the lift pin and the
driver,

wherein the lift pin is further configured to move to a first
position and a second position at a different vertical
level than the first position,

wherein each of the first and second positions is at a lower
vertical level than the wafer, and

wherein the control module is further configured to cal-
culate a strength of the electric field of the wafer, using
electric field data measured using the probe at each of
the first and second positions.

2. The electric field measuring apparatus of claim 1,

wherein each of the lift pin, the probe, and the optical
waveguide includes a non-conductive material.

3. The eclectric field measuring apparatus of claim 1,

further comprising:

a plurality of probes and a plurality of lift pins,

wherein the plurality of probes are respectively arranged
in the plurality of lift pins.
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4. The electric field measuring apparatus of claim 1,

wherein, when the light is incident to the probe, the lift pin
and the probe are not in contact with the wafer.

5. The electric field measuring apparatus of claim 1,

wherein the probe further includes:

a reflector configured to reflect the light incident to the
probe to the optical waveguide, and

wherein the reflector includes a non-conductive material.

6. The electric field measuring apparatus of claim 1,

wherein the lift pin is further configured to locate the
wafer on the electrostatic chuck or separate the wafer
from the electrostatic chuck in a vertical direction.

7. The electric field measuring apparatus of claim 1,

wherein the lift pin is removable.

8. An electric field measuring apparatus comprising:

an electrostatic chuck provided with a through hole and
configured to hold a wafer using an electrostatic force;

a lift pin configured to pick up the wafer and vertically
move through the through hole;

a driver configured to vertically move the lift pin along the
through hole;

a probe in the lift pin and having a refractive index
changed by an electric field of the wafer, the probe
including an electro-optical crystal and a reflector;

a light source configured to generate and output light
toward the probe;

an optical waveguide configured to form at least one
internal path of light having a polarization character-
istic changed by the changed refractive index between
the probe and the wafer;

a detector configured to receive an optical signal of
reflected light reflected from the probe and measure a
strength of the optical signal;

a signal processing module configured to convert the
optical signal into an electrical signal; and

a control module configured to control the lift pin and the
driver,

wherein the lift pin is further configured to move to a first
position and a second position at a different vertical
level than the first position,

wherein each of the first and second positions is at a lower
vertical level than the wafer, and

wherein the control module is further configured to cal-
culate a strength of the electric field of the wafer, using
electric field data measured using the probe at each of
the first and second positions.

9. The electric field measuring apparatus of claim 8,

wherein the electrostatic chuck, the lift pin, and the probe
are located inside a plasma chamber, and

wherein the detector and the signal processing module are
located outside the plasma chamber.

10. The electric field measuring apparatus of claim 8,

further comprising:

a polarization controller configured to control a polariza-
tion characteristic of each of the incident light and the
reflected light.

11. The electric field measuring apparatus of claim 8,

further comprising:

a circulator configured to separate the reflected light from
the incident light and transmit the reflected light to the
signal processing module as the optical signal.

12. The electric field measuring apparatus of claim 8,

further comprising:

an external optical connector configured to connect an
internal optical waveguide to an external optical wave-
guide,
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wherein the optical waveguide includes the internal opti-
cal waveguide inside a plasma chamber and the exter-
nal optical waveguide outside the plasma chamber.

13. The electric field measuring apparatus of claim 8,

wherein the optical waveguide includes a first optical
waveguide inside the lift pin and a second optical
waveguide outside the lift pin, and

wherein the first optical waveguide includes a single-
mode optical fiber.

14. The electric field measuring apparatus of claim 8,

wherein the optical waveguide includes a first optical
waveguide inside the lift pin and a second optical
waveguide outside the lift pin, and

wherein the first or second optical waveguide includes a
polarization-maintaining optical fiber.

15. The electric field measuring apparatus of claim 8,

further comprising:

an internal optical connector configured to connect a first
optical waveguide to a second optical waveguide,

wherein the optical waveguide includes an internal optical
waveguide inside a plasma chamber and an external
optical waveguide outside the plasma chamber, and

wherein the internal optical waveguide includes the first
optical waveguide inside the lift pin and the second
optical waveguide outside the lift pin.

16. The electric field measuring apparatus of claim 8,

wherein the electric field measuring apparatus is config-
ured to measure a strength of an alternating electric
field of the wafer and a strength of an electrostatic field
of the wafer.

17. An electric field measuring apparatus comprising:

a plasma chamber

an electrostatic chuck inside the plasma chamber provided
with a plurality of through holes and configured to hold
a wafer using an electrostatic force;

a lift pin inside the plasma chamber configured to pick up
the wafer and vertically move through the plurality of
through holes;

a driver configured to vertically move the lift pin along a
corresponding through hole of the plurality of through
holes;

a probe in the lift pin and having a refractive index
changed by an electric field of the wafer, the probe
including an electro-optical crystal and a reflector;

a light source configured to generate and output light
toward the probe;

an optical waveguide configured to form at least one
internal path of light having a polarization character-
istic changed by the changed refractive index between
the probe and the wafer, the optical waveguide includ-
ing an internal optical waveguide inside the plasma
chamber and an external optical waveguide outside the
plasma chamber;

an external optical connector connecting the internal
optical waveguide to the external optical waveguide,

a detector outside the plasma chamber configured to
receive an optical signal of reflected light reflected
from the probe and measure a strength of the optical
signal;

a polarization controller configured to control a polariza-
tion characteristic of each of the incident light and the
reflected light;

a signal processing module outside the plasma chamber
configured to convert the optical signal into an electri-
cal signal;



US 12,105,132 B2

17

a circulator configured to separate the reflected light from
the incident light and transmit the reflected light to the
signal processing module as the optical signal; and

a control module configured to control the lift pin and the
driver,

wherein the lift pin is further configured to move to a first
position and a second position at a different vertical
level than the first position,

wherein each of the first and second positions is at a lower
vertical level than the wafer, and

wherein the control module is further configured to cal-
culate a strength of the electric field of the wafer, using
a size difference between electric field data measured
using the probe at each of the first and second positions.

18. The electric field measuring apparatus of claim 17,

wherein each of the lift pin, the electro-optical crystal, the
reflector, and the internal optical waveguide includes a
non-conductive material.

19. The electric field measuring apparatus of claim 17,

wherein the optical waveguide includes a first optical
waveguide inside the lift pin and a second optical
waveguide outside the lift pin,

wherein the first optical waveguide includes a single-
mode optical fiber, and

wherein the second optical waveguide includes a polar-
ization-maintaining optical fiber.

20. The electric field measuring apparatus of claim 17,

wherein the plurality of through holes are spaced apart
from each other at a certain distance along a circum-
ference of the electrostatic chuck.
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